We assessed whether twice daily treatment with 400 mg of oral acyclovir reduces the incidence of herpes zoster in a randomized, double-blind, placebo-controlled trial among 3408 persons coinfected with HIV and herpes simplex virus type 2. During 5175 person-years of follow-up, 26 cases of herpes zoster occurred among those assigned acyclovir, compared with 69 cases among those assigned placebo (rates, 1.00 and 2.68/100 person-years, respectively), a relative decrease of 62% (hazard ratio, 0.38; 95% confidence interval, .24-.67; P < .001). Daily acyclovir prophylaxis significantly reduced herpes zoster incidence among HIV-infected persons.
Herpes zoster, or shingles, is a painful, vesicular rash that most often develops in elderly or immunocompromised individuals, including human immunodeficiency virus (HIV)-infected persons [1] . This localized cutaneous eruption results from reactivation of varicella-zoster virus (VZV), which lies dormant in the dorsal root ganglia following primary varicella virus infection (chickenpox) during childhood. Prompt initiation of therapy with highdose acyclovir, valacyclovir, or famciclovir limits the severity, duration, and complications of the outbreak. Vaccination is effective among HIV-uninfected persons: among adults aged ≥65 years in the United States, the licensed live attenuated zoster vaccine (Zostavax) reduced the incidence of herpes zoster by 48% (95% confidence interval [CI] , 39%-56%) [2] . The zoster vaccine is safe and immunogenic for HIV-infected persons with a CD4 + T-cell count of >200 cells/µL [3] , but it is recommended for use starting at age 60 years and is contraindicated in persons with CD4 + T-cell counts of <200 cells/µL [4] . Herpes zoster incidence is 12-17-fold higher in HIV-infected persons (2.94 cases/100 person-years), compared with HIVuninfected individuals (0.20 cases/100 person-years) [5] . Even with antiretroviral therapy (ART) initiation, the incidence of herpes zoster remains 2-3-fold higher among HIV-infected persons and, notably, is higher immediately after ART initiation [6] .
High-dose acyclovir (2.4 g daily) reduced zoster recurrence at 12 months by 68% among HIV-infected persons in the pre-ART era [7] , but there are limited data and no guidelines for standard, lower-dose antiviral prophylaxis dosing for prevention of zoster [4] . We hypothesized that daily acyclovir prophylaxis would reduce the incidence of herpes zoster among HIV-infected individuals.
METHODS

Study Design and Participants
Between November 2004 and April 2007, we conducted the Partners in Prevention HSV/HIV Transmission Study [8] , a randomized, double-blind, placebo-controlled trial of acyclovir (400 mg twice daily), among 3408 HIV-infected women and men from 7 African countries (Botswana, Kenya, Rwanda, South Africa, Tanzania, Uganda, and Zambia) who were coinfected with herpes simplex virus type 2 (HSV-2). The primary aim of the study was to assess the impact of acyclovir prophylaxis on HIV transmission to HIV-uninfected heterosexual partners; as previously reported, no reduction in HIV transmission was seen, although acyclovir prophylaxis did reduce the frequency of genital ulcers due to HSV-2 and resulted in a modest reduction in plasma HIV RNA load (0.25 log 10 copies/mL) [8] . A predefined secondary outcome of the trial was incident herpes zoster. VZV serologic assays were not performed. Eligible participants reported no current use of ART, and all had CD4 + T-cell counts of >250 cells/µL and no history of AIDSdefining conditions. The University of Washington Human Subjects Review Committee and ethics review committees at the each of the collaborating organizations approved the study protocol. All participants provided written informed consent.
Procedures
Throughout the study, all participants received individualized, confidential HIV counseling, risk-reduction counseling, couples counseling, free condoms, and treatment of sexually transmitted infections according to World Health Organization guidelines. HIV-infected participants were seen once per month for provision of study medication (acyclovir 400 mg twice daily or matching placebo). CD4 + T-cell counts were assessed every 6 months, and the plasma HIV RNA load was measured at baseline. Herpes zoster detected at a monthly visit was documented during physical examination; once each quarter, a medical history was obtained to record self-reported zoster not observed at a regular visit. During the quarterly medical visits, clinicians asked participants whether they had had any skin rash consistent with zoster and recorded reported cases. At the quarterly visits, participants were asked whether they had received ART since the last visit, and whether those who initiated ART continued to receive treatment during follow-up. At the time the study was undertaken, national guidelines generally recommended ART initiation for patients with CD4
+ T-cell counts of ≤200-250 cells/µL or clinical AIDS. Participants who met national guidelines for initiation of ART during follow-up, as a result of a decline in CD4 + T-cell count or a change in clinical status, were referred to local HIV clinics for ART. HIV-infected women who became pregnant during the study were referred to antenatal clinics for services to prevent mother-to-child transmission.
Statistical Analysis
For the present analysis, the primary outcome was an episode of herpes zoster during follow-up, either observed on examination or reported by the participant. The primary analysis was intention to treat, and survival analysis was used to estimate the effect of acyclovir prophylaxis on herpes zoster incidence in the acyclovir arm, compared with the placebo arm. Multiple visits with an event within the same quarter were rare and were treated as one episode; events in different quarters were treated as separate events. Cox regression with the Anderson-Gill counting method and robust variance was used to include multiple events per participant in the survival analysis. A second survival analysis, using only time to the first zoster event, was used to create cumulative probability curves for zoster incidence and to compare curves by arm, using the log-rank test. To explore the impact of ART on zoster incidence, and because HIV-infected persons receiving ART continue to have an increased risk of zoster as compared to uninfected individuals [6] and because ART initiation is associated with a short-term increase in the risk of herpes zoster [6] , data were not censored at ART initiation. Data were analyzed using SAS (version 9.3; Cary, North Carolina).
RESULTS
The Partners in Prevention HSV/HIV Transmission Study enrolled 3381 participant infected with HIV and HSV-2, with 1693 were randomized to acyclovir and 1688 to placebo. As detailed elsewhere [8] , two thirds of participants were women, the median age was 32 years, the median CD4 + T-cell count was 462 cells/mL, and randomization was balanced with respect to these characteristics. Four percent in each arm reported a history of herpes zoster in the prior year, and 1% in each arm had zoster on baseline clinical examination. During 24 months, the study accrued 2605 person-years of follow-up in the acyclovir arm and 2570 person-years of follow-up in the placebo arm. The median follow-up time was 20 months. Acyclovir adherence, assessed by pill count and self-report, was high, with an estimated 96% of doses dispensed consumed and drug consumed on 90% of days overall. A total of 151 participants in the acyclovir arm initiated ART, compared with 180 participants in the placebo arm [9] , resulting in 125 and 158 person-years at risk while receiving ART in the acyclovir and placebo groups, respectively.
Ninety-five cases of herpes zoster occurred during follow-up, of which 15 were observed by skin examination only, 62 were self-reported as occurring between study visits, and 18 were documented by both examination and self-report. Of these 95 herpes zoster events, 26 occurred in 22 people in the acyclovir arm (incidence, 1.00 cases/100 person-years), compared with 69 in 64 people in the placebo arm (incidence, 2.68 cases/100 person-years; Table 1 ). The cumulative proportion of participants with herpes zoster during the study was 4.5% (95% CI, 3.5%-5.8%) in the placebo arm and 1.7% (1.1%-2.5%) in the acyclovir arm (P < .001 for the difference in time to first event; Figure 1 ). Overall, analysis of all events revealed that acyclovir prophylaxis decreased the incidence of herpes zoster by 62% in the acyclovir arm, compared with the placebo arm (hazard ratio [HR], 0.38; 95% CI, .24-.67; P < .001). The protective effect of acyclovir on zoster was not modified by sex, age (<30 years and ≥30 years), CD4 + T-cell count (≤350 and >350 cells/ µL; ≤250 and >250 cells/µL), or baseline plasma HIV RNA load (<10 000, 10 000-99 999, and ≥100 000 copies/mL). There were 6 cases of herpes zoster among 6 participants who initiated ART after study enrollment; all were in the placebo arm, and all occurred during the first 3 months after ART initiation (range, 3-77 days). Incidence in the placebo arm was 3.80 cases/100 person-years, compared with 0.00 cases/100 person-years in the acyclovir arm (HR, 0.00; 95% CI, .00-1.08). ART did not significantly modify the effect of acyclovir on zoster (P = .41), but the number of participants receiving ART was small. Acyclovir did not prevent zoster recurrences among persons reporting prior zoster episodes at baseline (HR, 1.82; 95% CI, .33-9.96) but did prevent recurrences among participants who had not experienced zoster prior to enrollment (HR, 0.29; 95% CI, .18-.49; P for interaction = .01).
DISCUSSION
In this randomized, double-blind, placebo-controlled trial of acyclovir 400 mg twice daily among African HIV-infected persons, acyclovir prophylaxis substantially reduced herpes zoster events by 62% regardless of sex, age, CD4 + T-cell count, plasma HIV RNA load, or ART use. This reduction in herpes zoster events was consistent with a study from 1999 that found a 68% reduction in herpes zoster with high-dose acyclovir [7] . The incidence of herpes zoster (2.68 cases/100 person-years in the placebo arm) in this population was comparable to previous estimates among HIV-infected individuals (2.90 cases/ 100 person-years), which is 12-17-fold higher than their agematched HIV-uninfected controls [5] . Among immunocompromised individuals, including HIVinfected persons, herpes zoster may have a prolonged course and disease recurrence is more common [4] . Acyclovir prophylaxis did not prevent zoster recurrence among persons who reported prior episodes in our study, which might indicate a defect in VZV-specific T-cell immunity [10] ; HIV-infected individuals with prior zoster may require a higher acyclovir dose for prophylaxis.
The limitations of our study were the small numbers of participants with low CD4 + T-cell counts, because such persons were excluded from enrollment. Previous studies have found an increased incidence of herpes zoster with declining CD4 + T-cell count [11, 12] , which we did not observe, perhaps because of limited power. Some studies have shown an increase in the risk of herpes zoster immediately after ART initiation [6] , which is thought to be due to immune reconstitution inflammatory syndrome. We did not observe ART to alter the incidence of herpes zoster events, although the number of individuals and duration of ART in our study were small. Current Advisory Committee on Immunization Practices guidelines recommend zoster immunization for immunocompetent persons beginning at age 60 years. Because of the risk of vaccine-associated zoster, the zoster vaccine is contraindicated in immunocompromised persons, including HIV-infected persons with CD4 + T-cell count of <200 cells/µL [4, 13] . Immunosuppressed persons, including transplant recipients, who receive antiviral prophylaxis against cytomegalovirus (CMV) or HSV with valganciclovir, ganciclovir, valacyclovir, or acyclovir have a lower risk of herpes zoster [14] . Our data contribute to this evidence by demonstrating prevention of herpes zoster in the setting of acyclovir suppressive therapy for HSV-2. In summary, in this large placebo-controlled trial of daily acyclovir (400 mg twice daily) for HSV-2 suppression, we found a 68% reduction in zoster events on the acyclovir arm. Acyclovir is well tolerated, safe, and affordable as a generic product, and acyclovir prophylaxis has benefits that include a 73% reduction in HSV-2 genital ulcer disease [8] and a modest (16%) decrease in HIV disease progression [9] . For immunosuppressed patients on antiviral prophylaxis for CMV or HSV, prevention of herpes zoster is an additional benefit. Future research should include a focus on the impact of acyclovir (or related antiviral) prophylaxis on herpes zoster incidence among HIV-infected persons with a low CD4 + T-cell count and among HIV-infected individuals initiating ART, which are the factors associated with greatest frequency of zoster reactivation.
Notes Figure 1 . Cumulative probability of herpes zoster disease, by time to the first zoster event. Recurrent episodes of zoster are not captured in this figure.
